This article compares the clinical characteristics and prognosis of patients in different age groups with gallbladder cancer (GBC) treated by surgical resection. We retrospectively studied Surveillance, Epidemiology, and End Results (SEER) populationbased data and identified 10,568 patients with GBC who underwent surgical treatment from 1980 to 2013. The patients were categorized according to age at diagnosis: <60 years (young group) or ≥60 years (old group). Five-year cancer-specific survival data were obtained. Kaplan-Meier methods and multivariable Cox regression models were used to analyze long-term survival outcomes and risk factors. Patients in the young group had a higher proportion of white race within-group comparisons, a higher rate of tumors at TNM stage III/IV, a higher frequency of >5-cm tumors, a lower prevalence of a localized SEER stage, a higher number of lymph nodes dissected (≥2 nodes), and a lower proportion of tumors among patients with a widowed marital status, all of which were statistically significant within-group differences (P < 0.001). Age at diagnosis was an independent prognostic factor in the multivariate analysis (P < 0.001). The 5-year gallbladder cancer cause-specific survival rate was 26.7% in the young group and 16.2% in the old group, which showed statistical significance in both the univariate and multivariate analysis (P < 0.001). Conclusions Young patients with GBC treated with surgical resection appear to have unique characteristics and a higher cancer-specific survival rate than older patients, although they showed a higher rate of poor biological behavior and advanced-stage disease.
INTRODUCTION
Gallbladder cancer (GBC) is the most common biliary tract neoplasm worldwide and the fifth most common cancer of the digestive system [1, 2] . It is considered the most aggressive type of cancer among biliary tract cancers because of its poor prognosis and absence of effective therapy [3] . Although many advances have been made in the diagnosis and treatment of this disease, including surgery, chemotherapy, radiotherapy, and molecular-targeted therapy, the prognosis of GBC is still poor, with a 5-year survival rate of <5% [3] [4] [5] [6] . This dismal prognosis is due to its aggressive features and the lack of effective screening tests for early detection [7] . Only a small percentage of patients undergo curative surgical resection, and the rate of locoregional recurrence is high.
GBC is infrequent in developed countries but common in some specific geographical regions of
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GBC is generally known as a disease of elderly people and rarely develops in younger patients, with an incidence of 0.1% to 1.0% in people aged <30 years [11, 12] . Studies have shown that age at diagnosis has a significant impact on survival of patients with various cancers, including liver cancer, colorectal cancer, gastric cancer, and breast cancer; additionally, young patients have a better prognosis and lower mortality associated with major causes of death than do elderly patients [13] [14] [15] [16] .
Little is known about the effect of age on survival among patients with GBC. Therefore, we investigated the relationship between age and GBC survival in the present study. We used data from the Surveillance, Epidemiology, and End Results (SEER) registry to analyze the effect of age on the clinicopathological features and survival of patients with GBC after surgery.
RESULTS

Baseline patient characteristics
We identified 10,568 eligible patients during the 33-year study period , including 2,860 male and 7,708 female patients. The patients were categorized according to age at diagnosis into the young group (<60 years of age) and the old group (≥60 years of age). The young group comprised 2,860 (27.1%) patients, and the old group comprised 7,708 (72.9%) patients. The median ages in young and old groups were 53 and 75 years, respectively. Within-group comparisons in the young group showed significant differences in race (more frequent in black patients, P < 0.001), years of diagnosis (more prevalent in recent years [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] , P < 0.001), TNM stage (higher frequency of TNM III/IV GBC, P < 0.001), tumor size (higher frequency of >5-cm tumors, P < 0.001), SEER stage (fewer localized tumors, P < 0.001), number of lymph nodes (LNs) dissected (more patients with ≥2 LNs dissected, P < 0.001), and marital status (lower frequency in widowed patients, P < 0.001). No significant differences in sex (P = 0.404), histotypes (P = 0.132), or pathological grades (P = 0.257) were found between the two groups. Table 1 shows the baseline patient demographics and tumor characteristics.
Impact of age on GBC survival outcomes
The overall 5-year GBC cause-specific survival (GCSS) was 26.7% in the young group and 16.2% in the old group, which showed a significant difference in the univariate log-rank test (P < 0.001) (Figure 1 ). All differences were significant according to the univariate log-rank test (all P < 0.001) (Figure 2A ). Older age (P < 0.001), black race (P < 0.001), early year of diagnosis (1980-1990) (P < 0.001), adenosquamous carcinoma (P < 0.001), poor or anaplastic pathological grade (P < 0.001), TNM stage III/IV disease (P < 0.001), tumor size of >5 cm (P < 0.001), SEER distant stage (P < 0.001), <2 LNs dissected (P < 0.001), and a widowed status (P < 0.001) were identified as significant risk predictors for poor survival in the univariate analysis (Table 2) . When a multivariate analysis with Cox regression was performed, all of the aforementioned variables except race (P = 0.067) and year of diagnosis (P = 0.160) were independent prognostic factors for poor survival ( Table 2 
Stratified analysis of age on GBC survival based on different pathological grades
We further analyzed the effects of age on 5-year GCSS in patients with tumors of different pathological grades. The results showed that young patients had a significantly better 5-year GCSS than older patients in the univariate analysis of different pathological grades (P < 0.001) ( Table 3) . We found no significant differences in the subgroup of pathological grades among the different age groups (Table 1 ), but the pathological grade was an independent factor for 5-year GCSS in both the univariate and multivariate analyses (P < 0.001) ( Table 2) . Conversely, we discovered that older patients had a lower survival rate for all pathological grades: For tumors with well/moderate pathological grades, older patients had a 16.3% reduction in 5-year GCSS compared with young patients (P < 0.001). For tumors with poor/anaplastic pathological grades, older patients had a 4.4% reduction in 5-year GCSS compared with young patients (P < 0.001). Age was also validated as an independent survival factor in the multivariate Cox regression for tumors with well/ Figure 2A , 2B).
Stratified analysis of age on GBC survival based on different TNM stages
We also analyzed the effects of age on 5-year GCSS in tumors of different TNM stages. We found that age was an independent risk factor for poor survival in patients with tumors of each TNM stage, both in the univariate and multivariate analysis (P < 0.001). We also discovered that older patients again had a lower survival rate at all TNM stages: For stage I/II tumors, older patients had a 32.0% reduction in 5-year GCSS compared with young patients (75.9% vs. 43.9%, respectively; P < 0.001). For stage III/ IV tumors, older patients had a 9.8% reduction in 5-year GCSS compared with young patients (20.0% vs. 10.2%, respectively; P < 0.001) ( Table 4 ; Figure 2C , 2D).
Stratified analysis of age on GBC survival based on different tumor sizes
We also analyzed the effects of age on 5-year GCSS for tumors of different sizes. We found that age was an † The early and middle years of diagnosis were 11 years in duration; the latest was 12 years. # Other cancers included signet ring carcinoma, small cell carcinoma, giant and spindle cell carcinoma, non-small cell carcinoma, carcinoma not otherwise specified, and undifferentiated carcinoma. independent risk factor for poor survival in patients with different tumor sizes in both the univariate and multivariate analysis (P < 0.050). We also discovered that older patients again had a lower survival rate for all tumor sizes: For <3-cm tumors, older patients had a 22.1% reduction in 5-year GCSS compared with young patients (50.4% vs. 28.3%, respectively; P < 0.001). For 3-to 5-cm tumors, older patients had a 6.0% reduction in 5-year GCSS compared with young patients (26.3% vs. 20.3%, respectively; P = 0.022). For >5-cm tumors, older patients had a 12.7% reduction in 5-year GCSS compared with young patients (25.5% vs. 12.8%, respectively; P < 0.001) (Table 5, Figure 2E -2G).
Stratified analysis of age on GBC survival based on different SEER stages
We likewise analyzed the effects of age on 5-year GCSS for different tumor sizes. We found that age was an independent risk factor for poor survival in patients with each SEER stage in both the the univariate and multivariate analysis (P < 0.050). We also discovered that older patients again had a lower survival rate at all SEER stages: For localized stage tumors, older patients had a 24.1% reduction in 5-year GCSS compared with young patients (53.1% vs. 29.0%, respectively; P < 0.001). For regional stage tumors, older patients had an 8.0% reduction in 5-year GCSS compared with young patients (15.2% vs. 7.2%, respectively; P < 0.001). For distant stage tumors, older patients had a 1.7% reduction in 5-year GCSS compared with young patients (4.7% vs. 3.0%, respectively; P < 0.001) (Table 6, Figure 2H -2J).
Identification of cutoff points for number of LNs dissected in terms of 5-year GCSS
To assess the influence of different numbers of LNs dissected on GCSS and guarantee sufficient statistical power, we analyzed individual results using different numbers of LNs dissected ranging from 0 to 16. The 5-year GCSS was calculated for patients with ≥N nodes (number of LNs dissected) and <N nodes. The number of LNs dissected was a prognosis factor only for N ranging from 0 to 15. The maximum χ 2 log-rank value of 265.629 (P < 0.001) was produced, applying 2 as the optimal cutoff value to divide the cohort into high-and low-risk subsets in terms of 5-year GCSS (Table 7) . Furthermore, the mean number of LNs dissected was 1.18. Hence, in the present study, patients were divided into those with <2 and ≥2 LNs dissected.
DISCUSSION
Some studies have suggested young patients have longer overall survival times and lower mortality rates than older patients among many important causes of cancer death [13] [14] [15] [16] . In this study, we used the SEER database to determine the relationship between age at diagnosis and survival. The present study also showed that young patients had significantly better GCSS than did older patients. Moreover, in the multivariable analyses, the risk for older patients lasted even after adjusting for histologic type, pathological grade, TNM stage, tumor size, SEER stage, number of LNs dissected, and marital status. We first found that older patients were at high risk of cancer-specific mortality and that the age at diagnosis can be a protective prognostic factor in patients with GBC.
GBC is known to occur three times more frequently in female than male patients [6, 17] , which was confirmed in our study; female and male patients accounted for 72.9% and 27.1% of all patients with GBC, respectively ( Table 1) . Among women, higher gravidity and parity increase the risk of developing this cancer [18] . However, the sex ratio in the present study was different from that in previous reports showing no significant difference between the incidence in men and women; female patients accounted for 72.9% and 72.7% of the entire group and young group of patients with GBC, respectively ( Table 1 ). In contrast, female patients accounted for 72% and 75% of the entire group and young group of patients with GBC, respectively, in a study by Dutta et al. [19] performed in India. The incidence of GBC increases with age [17] . The average age at diagnosis is 72 years, and more than twothirds of people with GBC are aged >60 years [20] . Kazmi et al. reported that, compared with older patients, young patients aged less than 45 years with GBC showed higher expression of cholecystokinin type A receptor that was overexpressed for stage III as compared with stage II GBC and for poorly and moderately differentiated tumors compared with well-differentiated ones, and they also found that young patients were associated with less differentiated tumors compared with older patients, which is consistent with the results of the present study. However, they showed the mean survival Figure 2 : Survival curves of patients with gallbladder cancer treated with surgical resection according to age at diagnosis. (A) Well/moderate: χ was significantly shorter in young patients as compared to older patients, which different from the outcome of the present study may be due to the relatively small sample size (n = 39) [21] . Do et al. demonstrated that the diseaserelated survival rate after 13.5 months was significantly more favorable for young patients less than 45 years, which is similar to the present results [22] . However, pathological grades did not differ significantly in the two groups, which may be due to the relatively small sample size only with 10 young patients in their study.
It is well known that tumors with an advanced TNM stage and poor differentiation tend to have a more dismal prognosis than well-differentiated and moderately differentiated tumors. In the present study, despite the significantly higher incidence of poor prognostic factors such as poor differentiation, advanced TNM stage, large tumor size (>5 cm), and distant SEER stage in the young than old group (Table 1) , young patients with GBC had a better 5-year GCSS in each subgroup of pathological grade (Table 3) , TNM stage (Table 4) , tumor size (Table 5) , and SEER stage (Table 6 ). These findings were demonstrated in both the univariate and multivariate analysis. Our results are consistent with some recently published articles exploring other tumors, including colorectal cancer, gastric cancer, and breast cancer [14] [15] [16] . Carcinoma in young patients shows poorer biological behavior, but the better overall condition, better immune state, and faster postoperative recovery in these patients may compensate for this poorer biological behavior [14] . Older patients had poorer survival, which might have occurred because aging lowers the immune response, increases oxidative stress, shortens telomeres, and causes accumulation of senescent cells [23, 24] . Overall, a good performance status is essential for successful postoperative treatments and extensive lymphadenectomy. Young patients are more inclined to gain the benefits of all therapeutic options because their health condition is generally better and they are more likely to tolerate toxicities associated with chemotherapy, while older patients tend to be undertreated because of their poor clinical condition.
Some studies have shown that marital status is an independent prognostic factor for worse survival in the patients with colorectal cancer and gallbladder cancer [25, 26] . Marital status was also reported as an independent prognostic factor for worse survival in the patients with GBC [27] . These are consistent with the findings of the present study. Our study also showed that compared with the young group, the older group included more widows and exhibited poorer survival. Psychosocial factors might explain the relationship between marital status and survival. Married patients show less distress, depression, and anxiety and more social support than unmarried patients [28, 29] . Two meta-analyses acknowledged that depression increased cancer mortality by 19% and 39%, respectively [30, 31] . Decreased psychosocial support and increased psychological stress have been shown to decrease immune function, which may promote tumor progression and mortality [29, [32] [33] . Further, perceived lack of social support could decrease the activity of natural killer cells [34] . Additionally, many neuroendocrine mediators and cytokines present in patients with depression and stress have been found to be linked with an increased rate of cancer metastasis [33] . Finally, depression and poor quality of life may lead to increased production of vascular endothelial growth factor, which may promote endothelial cell migration, proliferation, and proteolytic activity [35] .
Although the present study was a large populationbased study, it has several potential limitations. First, we investigated SEER data to evaluate the relationship between age at diagnosis and the postoperative prognosis of GBC, but the SEER database was lacking some information about their treatment programs. Treatment measures, economic status, marital status, surgical techniques, and social status may have changed for some patients during the therapeutic process, and these changes may have affected the outcomes. Second, some data regarding pathological grade, TNM stage, and tumor size may have been inexhaustivefor example, many patients lost these data. Many other factors can contribute to an elevated risk of various health problems and affect the survival of patients with GBC. Third, the study included only patients who had undergone surgical resection for GBC. As such, the patients are not representative of patients with unresectable GBC or who had refused surgical intervention for various reasons. Fourth, the SEER GBC database lacks quality data on adjuvant therapy, comorbidities, surgical techniques, and recurrence. Finally, we could not employ psychological tests to confirm whether psychosocial factors played an important role in the poor survival of unmarried patients.
In summary, the primary endpoints of this study were GCSS and overall survival in different age groups after surgical treatment. Compared with older patients, young patients with GBC (age of < 60 years) appear to have unique clinicopathological features and a higher GCSS after surgery, although they showed higher proportions of unfavorable biological behavior and advanced-stage disease.
MATERIALS AND METHODS
Patient selection in the SEER database
The SEER program of the National Cancer Institute is an authoritative source of information on cancer incidence and survival in the United States. The SEER program registries routinely collect patient clinical data including demographics, primary tumor site, tumor morphology and stage at diagnosis, first course of treatment, follow-up for survival, and so on. SEER currently collects and publishes cancer incidence and survival data from 18 populationbased cancer registries that represent approximately 30% of the population in the United States.
SEER data contain no identifiers and have been widely used for studies of the relationship between prognostic factors and survival outcomes in patients with cancer. We used SEER*Stat 8. We excluded all other histologic types from the study.
Patients were excluded if they were <18 years of age at diagnosis; did not undergo surgical resection for GBC; had multiple primary malignant neoplasms, of which the GBC was not the first; and who had an unknown cause of death or unknown survival length.
According to the SEER staging system, tumors that remained in situ or confined to the organ of origin were considered to be localized, tumors that invaded locally or metastasized to regional LNs were regarded as regional, and those that traveled to distant organs were considered to be distant.
Statistical analysis
The following demographic and clinicopathological factors were assessed: sex, age, race, primary tumor site, year of diagnosis, histotype, pathological grade, TNM stage, tumor size, SEER stage, number of LNs dissected, survival months, vital status, and marital status at the time of diagnosis. The TNM stage was determined according to the criteria described in the American Joint Committee on Cancer (AJCC) Cancer Staging Manual (7th edition). We categorized patients into either the young group (<60 years of age) or old group (≥60 years of age). Patients were excluded if they were <18 years of age at the time of diagnosis.
The primary endpoint of the study was GCSS, which was calculated from the date of diagnosis to the date of GBC cause-specific death. Deaths attributed to the cancer of interest were treated as events, and deaths of other causes were treated as censored observations.
The baseline patient demographics and tumor characteristics were compared using the chi-square test. The GBC death rate was compared between groups using the Kaplan-Meier method. Risk factors for the survival outcome were analyzed using multivariable Cox regression models. All statistical analyses were performed using the statistical software package SPSS for Windows, version 22 (IBM Corp., Armonk, NY, USA). Statistical significance was set at a two-sided P value of < 0.05.
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